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To date, most of the studies on pharmaceutical biodegradation focus on their fate through wastewater 56 treatment and during biological secondary treatment (Lahti and Oikari, 2011; Pomiès et al., 2013) . 57
However, despite their continuous input to surface waters through treated urban effluents and/or 58 combined sewers overflows (Verlicchi et. 2012) , little is known of the parameters governing the fate of 59 pharmaceuticals after discharge. Biodegradation can be investigated through in-stream studies 60 hydrosystem is a macrotidal estuary characterized by a tidal cycle dependent TMZ . 94
Water was sampled at mid-ebb to ensure the highest SS concentration. Three 20 L flasks were subject 95 to magnetic stirring to prevent particle settlement whilst two others were left unagitated for three days 96 
Chemicals and selection of 53 pharmaceuticals 107
Fifty-three commonly used pharmaceuticals were chosen using multistep selection based upon sales 108 statistics, occurrence and fate in aquatic environment. Selected pharmaceuticals belong to various 109 therapeutic classes and physicochemical properties and were quantified in the studied wastewater 110 effluent in preliminary studies. Details on pharmaceuticals and chemicals used are given elsewhere andin Table I (Aminot et al., 2015) . Mercury (II) chloride (99 %) was purchased from Sigma-Aldrich (Saint 112 Quentin Fallavier, France). 113
Incubation experiment set-up

114
Incubation experiments were adapted from previous works on the characterization of organic matter 115 degradation in TMZ (Lanoux, PhD, 2013) . 116
Cubic 30 L glass aquariums were filled with river water and wastewater under the 6 following conditions 117 Continuous mixing was performed by homemade glass rotors mounted on overhead stirrers while air 123 was bubbled in through immersed frits at an approximate 1 L.min -1 rate. The 6 experimental devices 124 remained in an air-conditioned room (room temperature varied between 18 and 22.5 °C) in the dark. 125
The ambient pharmaceutical concentrations in wastewater effluent samples mixed with estuarine water 126 were sufficient that additional spiking was not required (no introduction of carrying solvent). The 127 dilution rates were chosen as a compromise of environmental relevant levels and to ensure the detection 128 of the analytes on their whole degradation kinetics. Tenfold wastewater dilution (10xD) is comparable 129 to an effluent discharge into a small river. To compensate for this higher dilution, 7 selected compounds 130 (abacavir, carbamazepine, fenofibric acid, ibuprofen, naproxen, paracetamol, sotalol) were spiked into 131 this aquarium to achieve a target concentration of 500 ng.L -1 (Figure 1 ). 132
Poisoning with mercury (II) chloride has already been used efficiently for soil sterilization prior to PAH 133 analysis (Wang et al., 2011) , pharmaceuticals analysis (Yu et al. 2006 ) and nutrient analysis (Fitzhugh 134 et al., 2003; Wolf et al., 1989) as well as for nutrient analyse of marine waters (Kattner, 1999) . Regarding 135 waste waters, it was observed that complete inhibition of microbiological growth was achieved whenpreserved with 40 mg.L -1 of mercuric chloride, provided that total organic carbon (TOC) was below 20 137 mg.L -1 (Krawczyk, 1975 
Sampling and analysis
141
Sampling was performed 10 min after water mixing (T0) and after 7, 14, 21 and 28 days in parallel with 142 conductivity, pH, dissolved O2 (percentage) and water temperature measurements (note that the 143 sterilized condition was not monitored to prevent probe damage and cross-contamination). Water 144 samples were filtered through glass microfiber filters, GF/F (0.7 μm) (Whatman, supplied by Fisher 145
Bioblock Scientific, Illkirch, France), 4 filters were kept for particle analysis and samples were stored 146 at -20 °C. 147
Water samples were extracted in triplicate by Solid Phase Extraction (SPE) and filters of suspended 148 solids by focused microwave assisted extraction (MAE). Analysis was performed by LC-MS/MS. 149
Protocol details and performance can be found in a previous work (Aminot et al., 2015) . Briefly, accurate 150 quantification was ensured by the use of 32 labeled internal standards (given in Table I ), spiked in the 151 samples prior to extraction. One processed spiked sample and one procedural blank sample were 152 included in each batch of 12 samples (18 control points for waters and 6 for particles). The LC-MS/MS 153 injections were conducted in one batch, with instrumental calibrants injected every 20 injections and 154 instrumental blanks in between triplicates. Procedural and instrumental blanks revealed no 155 contamination during sample preparation and analysis. By using numerous internal standards 156 compensating for potential preparation losses and matrix effect, the procedural recoveries were in an 157 acceptable range of 80-120 % for 47 (SPE) and 45 (MAE) of the studied compounds (the compounds 158 with lower recoveries were 4-chlorobenzoic acid, ranitidine, losartan, salbutamol, terbutaline for SPE 159 and MAE, plus indinavir for SPE, and lamivudine, caffeine and disopyramide for MAE). Limits of 160 detection did not exceed 1 ng.L -1 for 40 compounds (6 ng.L -1 for the 13 remaining). 161
Physico-chemical parameters
162
The evolution of conductivity, salinity, pH and dissolved oxygen during the 4-week incubation is 163 presented in Figure S1 . Initial conductivity was around 1200 µS.cm -1 in conditions LSS, MSS, HSS and 164 Unt (50:50 dilution rate) and reached 1300 µS.cm -1 in condition 10xD due to the higher brackish water 165 content. In the 5 monitored conditions, conductivity showed a progressive 5 to 10 % increase every 166 week. This increase was attributed to a slight evaporation of the water in the air-conditioned laboratory. 167
This was also reflected with persistent contaminants like carbamazepine, as detailed further in 3.2. pH 168 values ranged between 7.8 and 8.8 with similar tendencies among the experimental conditions: an initial 169 2-week decrease followed by a 2-week increase, probably in association with the assumed evaporation. 170
Rapid ammonia oxidation can be accountable for the initial pH decrease. Except after water mixing 171 (T0), dissolved oxygen was close to 100 %, indicating that the air-bubbling was adequate to maintain 172 aerobic conditions. SS initial concentrations and relative changes during the experiment are available in 173 Table S1 , S2 and Figure S2 . Tested SS concentrations varied between conditions by a factor of 50 from 174 0.08 to 4 g.L -1 which are environmentally relevant levels in estuarine waters. After an initial decrease 175 related to the observable sedimentation, this parameter followed the global increase trend attributed to 176 evaporation. 177 set constant at 100 %). The concentrations of carbamazepine with no adjustment are given in Figure S3 . 184
Data analysis
Half-lives and persistence indices 185
Half-lives were extrapolated from the experimental data (Table 2) (Table 2) . 196
Results and discussion
197
Concentrations are given as total, i.e. the sum of SS-and dissolved-phase concentrations (measured 198 separately). Of the 53 monitored analytes, 43 were quantified after initial water mixing (T0) in at least 199 one treatment and 26 in the 6 treatments (Table S3) . Focusing only on the 26 unaffected analytes, the conditionHgCl2 can be considered as an abiotic batch 220 control experiment. Steady concentrations were observed for 13 pharmaceuticals (lamuvidine, 221 ketoprofen, naproxen, ibuprofene, hydroxy-ibuprofene, gemfibrozil, bezafibrate, 4-chlorobenzoic acid, 222 fenofibric acid, pravastatin, metoprolol, sotalol, losartan) over the 21 days of incubation in this condition 223 only (all data supplied in the Supporting Information, Figure S5 ). 224 Suspended solids are known to play a crucial role in biogeochemical processes between water, sediments 241 and microorganisms (Turner and Millward, 2002) . The degradation observed was mainly biotic 242 (bezafibrate-and atenolol-type) as the sterilized condition remained higher or even constant. Only for 243 the 5 molecules in the ritonavir-type category the similarity between sterilized and biotic conditions 244 implied abiotic processes as the major degradation pathway. An overall increase in the biodegradation 245 rate was measured for increasing concentrations of SS. Bacterial activity is largely dominated by 246 bacteria living on particles in estuarine waters: Plummer and co-workers (Plummer et al., 1987 ) 247 measured a contribution of freely suspended bacteria as little as 15 % of the whole bacteria enumeration 248 and activity in the Tamar TMZ (UK) while Servais and Garnier (2006) showed that the growth rates of 249 attached bacteria were, on average, three times higher than those of free-living ones. Consequently, 250 additional bacteria are brought with increasing SS concentrations and the biochemical processes are 251 promoted, in agreement with our findings. This is also in agreement with the increased microbial 252 respiration measured as the depletion of dissolved oxygen in the TMZ of the Gironde estuary, France 253
Degradation and the influence of suspended solids 225
Considering conditions LSS, MSS, HSS and the sterilized condition
(Lanoux et al., 2013). 254
The observed kinetics is inconsistent with a first-order reaction, even though it was reported in previous 255 studies ( Li et al., 2015) . The initial lag phase has also been identified during degradation by activated 256 sludge of dissolved organic matter (Galvez et al., 1996) estuarine waters, in the absence of wastewater, also showed a delayed degradation after the initial 262 compound spiking (Tappin et al., 2010) . These studies and our observed kinetics suggest that a 263 development and/or acclimation of the microbial populations occurred after mixing estuarine water with 264
wastewaters. This supports the conclusions that the biodegradation was mainly the consequence of the 265 degrading microbes from the turbid river water, un-acclimated yet to the wastewater bornpharmaceuticals, and not the consequence of the wastewater effluent microorganisms, as the wastewater 267 dilution rate showed no influence on the kinetics. 268
Influence of effluent treatment 269
Comparing conditions MSS and Unt, respectively comprising a WWTP effluent and influent, affords 270 consideration of both the type of effluent and the SS concentration/nature (Figure 3 
Influence of dilution rate 278
Conditions MSS, HSS -composed of 50 % vol. effluent -and 10xD -composed of 10 % vol. effluent-279 were compared to explore the impact of dilution on the degradation kinetics. SS concentrations in 280 condition 10xD were included between conditions MSS and HSS (Table S1 ). For all the degradable 281 molecules in these 3 conditions, the kinetics was function of the SS concentration and no atypical 282 behavior emerged from condition 10xD. 283
Sorption of pharmaceutical to suspended solid
284
The number of detected pharmaceuticals was dependent on the suspended solid concentration of the 285 treatment considered. In condition MSS, with intermediate SS concentrations, up to 25 molecules were 286 quantified on SS while 41 were found in dissolved phase. The evolution of the analyte concentrations 287 on SS and in the dissolved phase were similar for all detected compounds ( Figure S6) . 288
When comparing the experimental conditions LSS, MSS and HSS which were similar in terms of dilution 289 rate and effluent type, the highest pharmaceutical concentrations on particles were observed for the 290 lowest SS concentrations. It was found that the partition coefficient Kd decreased with SS concentrationwith a difference up to 2 log between the lowest and highest SS conditions (Figure 4 ). This observation 292
was not due to a change in organic content of SS as log Koc exhibited a similar trend. Average partition 293 coefficients measured in the intermediate condition MSS are available in the supporting information for 294 every pharmaceutical detected in both the dissolved and particulate phases at least twice in the 4 weeks 295 (Table S4) . Ritonavir, amitriptyline and propranolol have the highest affinity with SS, as previously 296 observed (Aminot et al., 2015) . 297
The partitioning coefficients Kd and Koc, ranging from 0.6 to 3.7 and 0.5 to 3.0 respectively, in the 298 intermediate SS concentration condition (MSS), were low to moderate (Table S4) partitioning coefficients were found to be dependent on the SS concentration. Non-constant Kd indicate 311 a non-linear adsorption isotherm, which could be better described by more complex adsorption models, 312 outside the scope of this study. In our case, the type of particle is the same across experimental conditions 313 and only its concentration varied. Similar behaviour was observed for carbamazepine, propranolol and 314 diclofenac on SS in Kent River, UK (Zhou and Broodbank, 2014) . The authors proposed a power law 315 to describe decreasing Kd for increasing SS and attributed this observation to a combination of multiple 316 factors including a higher sorbing power of fine and organic-rich SS at low SS concentrations, increasingdesorption at high SS concentrations due to more frequent interactions of SS, and potentially higher 318 colloids being produced at high SS concentrations competing with SS. 319
Half-lives and persistence indices and pharmaceutical degradability 320
Half-lives as a function of SS concentrations ( Figure 5 ) followed a decreasing exponential form. It 321
indicates that a similar variation in SS concentrations will have a higher impact on the degradation 322 kinetics at low SS values compared to high SS values. Between conditions 10xD and HSS, a 2-fold SS 323 concentration increase has little effect on half-lives. Kinetics were different in condition Unt (influent 324 wastewater) for losartan, gemfibrozil and bezafibrate, giving a point slightly aside of the exponential 325
trend. 326
In order to compare relative compounds degradabilities, a persistence index was calculated (Table 2) . 327
Of the 43 molecules, 6 (paracetamol, abacavir, ritonavir, saquinavir, atorvastatine, clopidogrel) were 328 phases and comparing total concentrations to a sterilized condition, we provided evidence that biotic 383 degradation and not sorption to particles was the main attenuation process. This biodegradation was 384 enhanced by increasing concentrations of SS: half-lives were reduced by up to 6-fold by a 50-fold SS 385 increase. The influence of the type of effluent as well as its mixing proportion appeared to be minor. 386
When considering dissolved and particulate phases separately, it was found that the equilibrium between 387 these compartments was a function of the SS concentration, although most of the targeted analytes 388 exhibited low to moderate affinity towards particles, as per the low log Kd calculated. 389
In natural aquatic systems and in particular in estuaries where the penetration of light is limited by the 390 turbidity of the waters, biodegradation is expected to be a major removal process for pharmaceuticals. 391
However, the kinetics of this attenuation is water body-dependent and its moderation by different 392 bacterial communities or by variations in organic carbon particle compositions, in salinities, in oxygen 393 rates etc. can be significant and requires further investigations. 394
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Chemaxon log D predictor tool (https://disco.chemaxon.com/apps/demos/logd 
